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1 
This invention relates fo a compressible mate- 
rial that retains resilience under the application 
of pressure of a determined load value for sus- 
taining the load under., determined values of re- 
silience and a proces of producing such mate- 
Mal. 
An object of the invention is to utilize a riable 
material such as glass fibers for supporting pres- 
sure loads under conditions of controlled resili- 
ence and a process for producing a material 
capable of such use. 
It is another object of the invention to provide 
a glass fibrous material and the method of pro- 
ducing the same, which material is adapted to 
resiliently support a pressure load under con- 
ditions wherein the degree Of compression of 
the material is related to the load supported by 
it to give relatively constant conditions of re- 
silient support at predetermined values of com- 
pression or deflection of the material. 
Still another object of the invention is to pro- 
vide a glass fibrous material accomplishing the 
purposes of the foregoing object wherein the 
load carrying glass fibers are angularly related 
to the direction of the application of the load 
on the material with those glass fibers that are 
incorrectly disposed for cooperative support Of 
the load, or are incapable of cooperative support 
of the load, are broken or fractured so that in- 
terconnecting bridging fibers constitute the load 
carrying fibers. 
It is another object of the invention to provide 
a process for producing a glass fibrous material 
for accomplishing the results of the foregoing 
objects wherein glass fibers are assembled to- 
gether in a mass suflïcient to result in a deter- 
m/ned density when the mass is compressed to a 
predetermined dimension with the assemblage 
of glass fibers being bonded together while main- 
tainei under the controlled degree of compres- 
sion to establish dimensional stability of the 
mass of glass fibers, which bonded mass of glass 
fibers is thereafter compressed or defiected to an 
extent af least equal to the compression oc- 
casioned for support of the maximum load to be 
imposed on the mass, this cold working of the 
bonded glass fiber mass resulting in a stabiliza- 
tion of the resilience factors of the material. 
The invention further relates to a glass fibrous 
material for use as a shock absorbing substance 
and a mount therefor whereby the material is 
adaptable for use in absorbing vibration and 
shock acceleration as from a mounting platform 
for motors, radios and other electronic devices. 
In general, the invention comprises a glass 
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2 
fibrous material wherein the glass fibers are in- 
dividually coated with a suitable binding agent, 
such as phenol-formaldehyde resin, the mass of 
binder coated glass fibers being thereafter 
5 pressed under heat and pressure to a controlled 
determined density to form a material which is 
adapted to be used as a mounting pari to absorb 
vibration and shock accelerations. Further, the 
invention includes the processing of the material 
10 so obtained by a compression or cold worMng 
of the so bonded material to stabilize the resili- 
ence factor of the material. 
It is also an object of the invention to provide 
a shock absorbing material which bas substan- 
15 tially no irift or fatigue failure, and its vibra- 
tion absorption character is maintained over a 
wide temperature and a wide weight range. 
The invention further relates to a glass fibrous 
material usable as a spring with the material of 
20 which the glass fiber spring is composed exhibit- 
ing stabilized spring rate characteristics, which 
spring rate characteristics can be controlled and 
varied according to the spring rate or deflection 
curve desired for particular operating conditions 
25 by alternating the density of the glass fibrous 
material and/or by. a change in the degree of 
defiection of the glass fibrous material. 
If is still another object of the invention to 
provide a shock absorbing material or a resilient 
3o spring material that is composed of glass fibers 
in which the material is capable of energy dissi- 
pation, thereby absorbing shock and dissipating 
it rather than transmitting shock "through the 
material, and to provide for control of thé'degree 
35 of energy dissipation by varying the density of 
the material in relation fo the load that Is to be 
carried by the material and/or by varying the 
degree of defiection of the material. 
If is another object of the invention to provide 
.40 a spring made of glass fibrous material with con- 
trolleddeflection rate and capable of dissipating 
energy during defiection of the spring. 
Other objects and advantages will be apparent 
from the following description and from the 
45 drawings. 
-n the drawings: 
Figure 1 is a diagrammatic cross-sectional 
view of apparatus for producing fibrous glass 
with a suitable binder-thereon. 
50 Figure 2 is an elevational view of an assem- 
blage of glass fibers of determined weight as 
ïeady for subsequent processing. 
Figure 3 is a diagrammatic view fllustrating 
the step in the process of producing the fibrous 
55 material, of compressing the assemblage of fibers 
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of Figure 2 to a controlled density, and heating 
che fibers for binding of them together. 
Figure 4 represents che stop in che process 
of making che material wherein che bonded 
assemblage of glass fibers is compressed or de- 
fIected to stabilize che resflience value of che 
materiah 
Figure 5 is a view of che finished material. 
Figure 6 is a perspective view of a spring ele- 
ment made of the material. 
Figure 7 is an enlarged cross-secional view 
of the glass fibrous material of this invention 
as produced in the stop of the process of Fig- 
ure 3. 
Figure 8 is an enlarged cross-sectional view 
of the glass fibrous material of Figure 5 as pro- 
duced in the stop of the process lllustrated in 
Figure 4. 
Figure 9 is a chart illustrating the stabfliza- 
tion curve òf the glass fibrous material. 
Figure t0 is a load deflection curve oï .Che 
stabilized glass fïbrous material. 
 .the construction-er the glass ïibrous ma- 
teria] ,.of this invention, the glass fibers may be 
produoed in _prie of several well-known .deviCes 
by Which the .glass iibers are collected as a félted 
assemblage -in a mat or pad ïorm. Thesé glass 
flbers.may be long rèlatively continuoüs length 
fibers, or can be short length staple fibez, .or a 
mixture-of them, "In general, the glass fibers 
are produced by the application Of high pressure 
streams of a gaseous medium applied to Opposite 
sides of thin streams .of molten .glass whereby 
the .molten glass is drawn .and attenuated into 
fine glass fibers or filaments of extremely fine 
diameter, depending upon the exact processing 
of the glass material. P«eferably, the glass 
fibers used in this invention Rte those having 
a diameter of between 0.00005 and 0.00025 .inch. 
The glass fibers or filaments so formed are 
collected in. a mat or pad .of any desired thick- 
ness, which mats and pads have utility in various 
was well-known in the art. 
Depending z!pon che use intended for the glass 
fIbers thus produced, they can bave a binding 
agent applied to the glass fibers during the 
course of theii" .production, or the binding agent 
can be eliminated if desired. The glass fibrous 
material containing the binding agent is sub- 
sequently treated to cause che binding agent to 
bond che glass fibers together. 
In this invention the glass fibrous material 
that is used in che manufacture of che pres- 
sure .absorption or spring material of che in- 
vention is that which contains a binding agent 
on-che glass fibers. The binding agent is pref- 
erably phenol-formaldehyde resin, but other 
binding agents such as nylon, polyethylene, and 
the various silicon and vinyl compounds and 
others can be used depending upon the conditions 
of use of the vibration absorption or spring ma- 
terial, che temperature unàer which it operates, 
and other factors. The binding agent shall be 
One chat is applieà to the glass fibers in a 
state in which it can be activated for obtain- 
ing its binding action, or shall be one which 
can be reactivateà fo secure such result. Thus, 
either thermosetting or thermoplastic resins can 
be used, che thermosetting resins being applied 
on the fibers in an unpolymerizeà state, where- 
as che thermoplastic resins can be subsequently 
reactivated by heat to secure the desired binding 
action. Preferably resins cf che thermosetting 
type, such as phenol-formalàehyde resin are 
used. 
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In producing the glass fibers for use in the 
prcduction of this invention, apparatus such 
as that diagrammatically illustrated in Figure 
1 can be used. In this apparatus there is a heat- 
i ing and melting chamber 50 that contains a body 
of ,molten glass 5 thut passes through small 
openings 52 in the bottom of the chamber 50. 
-At each side of the openings 52 there are provided 
devices 53 for supplying high-pressure streams 
-10 of a gaseous _rnedium fo opposite sides of the 
glass treams passing through the openings 
The streamS of gaseous medium draw and at- 
tenuate tie molten glass streams into fine glass 
fibers or filaments. 
1 The glass fibers or filaments so produced are 
collected within a hood  and are finally col- 
lected .on a belt 55. As the glass fibers or fila- 
ments fall onto che belt 5, a suitable binding 
agent is applied to che g!ass fibers by che spray 
«0 nozzles 5, thus coating che glass fibers with che 
désired bïnding gent. 
As che glass fibes 0ï iïla-mC colle't uiom 
thé belZ  thon" felt or -ii]tertwine together b 
that a felteà m-ass or .mat 7 ot glass fibër Is 
«i delivered from the hotl 54. As che glass fibers 
or filaments collect on che belt 55 they assiime 
a more .or less common direction of arrange- 
ment, tenfling to lay parallel or someWhZ an- 
gular t one another, but .generally in a common 
0 direction. However, while the majority of the 
glass fibers arrange themselves in a common 
direction, 'yet numeroUs fibers are angular to 
that common direction and some even normal 
thereto. The effect of these fibers will be dïs- 
a5 cussed hereinafter. 
The mat or assemblage of glass fibers proluced 
in he apparatus of FigUre 1, and containing pref- 
erably a phenol-ïormaldehyde resin that is un- 
polymerized or uncurd, is cut into clesiredengths 
40 and che mat is assembled into layers by stacking 
prie section upon another. It will be understood, 
however, that if desired amàt of desired thickness 
can be produced rather chan producing a thick 
mat by .a taminating process. With th-e mat 
5 being arranged horizontal, it can be generally 
said that the glass fibers of the mat are positiuned 
horizontalty. 
The quantity of glass fibers that is brought to- 
gether into the laminated assemblage of Figure 2 
50 is dependent upon the density of the glass fibrous 
material that is to be produced. It has been 
termined chat by controlling che density of the 
glass fibrous material it is capable of resiliently 
supporting pressures of a very broad range, but 
55 chat each density of che material will support 
pressures only within certain ranges resulting in 
various degrees of compression of che glass 
broUs material. For example, a glass fibrous ma- 
terial having a density of 1 pound per cubic foot 
60 will support pressures of from 0.1 peund per 
square inch at 15 % defiection to about 1.5 pounds 
per square inch at 75% defiection. Glass fibrous 
material having a density of 20 pounds per cubic 
foot will resiliently support pressures from about 
65 100 pounds per square inch at 15% defiection fo 
about 1600 per square incli at 65% defiection. 
Thus, in Figure 2 there is illustrated the stop 
in the process of making the product of this in- 
vention of producing an assemblage of glass fibers 
7o of sufficient quantity to secure a giron density 
when compressed toa given thickness. 
The assemblage of glass fibrous material fllus- 
trated in Figure 2 is thon placed betweén pres- 
sure plates , as illustrated in Figure 3, to com- 
75 press the assemblage of glass flbers to the de- 
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sired density, as for example from 1 pound to 20 
pounds per square foot. Also, the determined 
density of the glass fibrous material is established 
when the material is at a desired thickness or 
height, dependent upon the dimensions desired in 
the fmished product. 
While the glass fibrons material is held to a de- 
siied density ata desired dimension between the 
pressure plates 60, the binding agent on the glass 
fibers is activated or reactivated to cause a bond- 
ing between the glass fibers at theii valions 
points of contact. Thus, when the pressure is re- 
leased from the so-treated glass fibrous material 
it will retain the dimension at which it was com- 
pressed. 
The so bonded glass fibrous material is thon 
placed between pressure plates 6! which stress 
load the bonded glass fibrons material to compress 
it to an extent not less than that at which it will 
be compressed when supporting the maximum 
load tobe imposed on the material. A number of 
such cold working compressions or defiections aie 
giron to the material to stabilize the resilience 
factor of the material. This loading or stressing 
of the bonded glass fibrous material is ociasioned 
in the saine direction as that which will be occa- 
sioned upon the material when the supported load 
is applied. 
The effect of the stress loading or cold working 
of the glass fibrons material is to eliminate the 
effect of any glass fibers in the material that tend 
to resist defiection of the material and to frac- 
ture those glass fibers that are improperly dis- 
posed in the material for cooperative resilient 
support of the load that is tobe imposed on the 
material. 
For example, Figure 7 illustrates the bonded 
glass fibrous material taken from the step of the 
process illustrated in Figure 3, while Figure 8 
illustrates the saine glass fibrous material after 
stress loading or cold working according to the 
process step of Figure 4. In Figure 7 all of the 
various glass fibers are bonded together at their 
points of contact, and the majority of the fibers 
lay in a common direction or slightly angular 
thereto. However, numerous glass fibers are quite 
angular to the direction of lay of the majority of 
the fibers and some are even normal thereto. By 
stress loading the bonded glass fibrous material, 
those glass fibers that are normal to the lay of 
the majority of the glass flbers or those extremey 
angular thereto, are fractured or broken, as illus- 
trated by the glass fibers numbered G5 in Figure 
8. The fracturing or breaking of these glass fibers 
permits the remaining fibers that cooperate fo 
support the load to romain wholly effective at all 
rimes, and with those glass fibers that would re- 
sist the resilient action of the glass fibrous ma- 
terial fractured or broken, the resilience factor of 
the material is stabilized. 
For example, in Figure 9 there is illustrated a 
chart showing the result of cold working or com- 
pression cycling of the bonded glass 'fibrous 
material. The material tested consisted of 
bonded glass fibrous material Of a density of 6 
pounds per cubii foot whiih was iompressed to 
50% of its initial height and is to carry full load 
at 40% defiection. Normally cycling or cold 
working is carried 10% beyond the maximum de- 
fiection of the material under maximum load to 
stabflize the resflience value of the material under 
full load conditions. 
As represented in the chart, it wfll be seen that 
the initial compression of the material to 50% of 
its initial height required a load of about 16 

pounds per square inch. After the first two com- 
pression cycles the load required fo compress the 
material to 50% of its height reduced fo about 
8 pounds per square inch. It wfll thus be seen 
5 that the maximum degree of stabilization of the 
resilience factor is obtained in the initial loadings 
oi compression stressings of the material. 
Thereafter, up to the fLrst ton cycles of stress 
loadings the pressure required for loading changes 
10 only a minor amount, the pressure loading being 
reduced from about 8 pounds per square inch to 
slightly over 7 pounds per square inch. At this 
point the glass fibrous material is sufliciently sta- 
bflized that it can be said tobe stabflized for all 
15 practical purposes. Howevei, in the event for the 
need of extieme accuiacy for the stabflization of 
the iesflience factor, the material can be cycled 
an additional number of rimes until at about fifty 
cycles of stress loadings the product becomes fully 
20 stabilized for all practical purposes, even of 
treme accuracies. 
The stabilized product is now capable of pro- 
ducing repeat performance of spring loading with 
both a compression and extension of the material 
25 following substantially the saine rate curve as 
shown by the typical load defiection curve of Fig-  
ure 10. The amplitude of vibration absorption is 
regulated by the hysteresis loop shown on the load  
defiection curve. By varying the density of the 
30 material foi a given load to be supported, and 
thereby varying the degree of compression or de- 
flection of the material, various load deflection 
curves may be obtained with varying curve shapes 
on the hysteresis loop to secuie the desired con- 
;5 trol over the amount of energy absorbed by the 
material in its defiection. 
The load deflection curve of Figure 10 is that 
of a stabilized material of 6 pounds per cubic foot 
density under a maximum of 45 % defiection stab- 
40 ilized by cold working or stress loading ton rimes. 
The original free height of the material being 
0.999 inches, with the new free height after stress 
loading and stabflization being 0.994 inches. 
The assemblage of the glass flbers coated with 
:, phenol-formaldehyde resin is a combination of 
5% to 25% phenol-formaldehyde and 95% fo 75% 
glass fibers, with the preferred product containing 
15% phenol-formaldehyde and 85% glass fibers. 
The phenol-formaldehyde used as a binder is pre- 
ï, ferably of from 97% to 40% by weight of pherlol, 
and 3% to 60% by weight of formaldehyde. 
In curing the phenol-formaldehyde resin in the 
stop fllustrated in Figure 3, the press plates 60 are 
heated to a preferred temperature of about 300 ° 
,5 F., but which can be varied from about 250 ° F. fo 
450 ° F. In the curing or polymerization of the 
phenol-formaldehyde resin there is a loss of about 
8% by weight of the phenol product. 
The glass fibrous material of this invention 
i can be pressure loaded until the load plus the 
amplitude of vibration compresses the material 
within 400% of its block compression point. A 
normal safety factor of 500% is incorporated in 
the design of the product; the material, if de- 
mi5 signed to carry 5 pounds, wi]l safely carry 25 
pounds. 
In Figure 6 there is fllustrated a spring element 
ruade from the glass 'fiber shock absorbing mater- 
ial of this invention. The spring element 75 is 
70 cYlindrical in shape and is adapted to be còm- 
Prased or deflected along the axis of the element. 
The staple glass fiber of which the spring element 
7 is composed, or mLoEture of staple glass flber 
and continuous length glass flber, are disposed 
75 generally horizontally, that is in an arrangement 
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normal to.£he ards ofthe element. Thus, the glass 
fibers :in the shock absorbing material forming 
thespring element act as a multiplicity of canti- 
lever springs to secure a positive and determined 
reSilient factor in the spring element after it bas 
been stabilized in the manner heretofore de- 
scribed. 
The spring element 75 will exhibit characteris- 
tics of .a spring and in addition provides for ab- 
sorption or dissipation of energy as a result of the 
hysteresis loop developed in the material as illus- 
trated in Figure 10. It is considered that there 
are a certain percentage of unbonded glass fibers 
in the spring element that frictionally resist 
spring movement and thereby provide for the 
energy dissipation within-the material of which 
the-element is marie. 
While there is disclosed and described herein 
the preferred embodiment of the invention con- 
cerning the glass fibrous material and the process 
of making if, it is understood that alterations tan 
be ruade in the material and in the process with- 
out departing from-the spirit of the invention, 
and that those modifications that fall within the 
scope of the appended claires are intended to be 
included herein. 
I claim: 
1. OEn a method of manufacturing a glass fiber 
spring: the steps of-providing a plurality of rela- 
tively rhin layers of glass fiber each fiber of which 
is coated with-a heat-curable resin; assembling 
said layers in position one over the other fo form 
a .relatively thicker body than the independent 
layers and in which the major portion of the 
fibers are substantialty parallel fo the saine plane, 
a portion of each layer of fibers having fibers 
arranged substantially vertically fo the direction 
of the main body of fibers of each layer; coin- 
pressing the assembled layers into a mass of pre- 
determined density; heating the compressed mass 
whfle retained at the predetermined density fo 
cure the resin and to cause bonding between the 
glass fibers at their various points of contact, and 
stabflizing the mass by the application of a uni- 
form compressive force over the entire mass and 
at a predetermined and uniform load which is 
higher than the maximum load fo be imposed on 
the glass fiber spring until the vertical and sub- 
stantially vertical fibers are broken and at least 
a portion of said bonds between the glass fibers 
are broken. 
2. In a meth0d of manufacturing a glass fiber 
spring: the steps of providing a plurality of rela- 
tively rhin layers of glass fiber each fiber of 
which is coated with a heat-curable resin; as- 
sembling said layers in position one over the other 
to form a relatively thicker body than the inde- 
pendent layers and in which the major pp. rtion 
of .the fibers are substantially parallel fo the saine 
plane, a portion of each layer of fibers having 
fibers arranged substntially vertically to the di- 
rection of the main body of fibers of each layer; 
compressing the assembled layers into a mass of 
predetermined density; heating the compressed 
mass while retained af the predetermined density 
to cure the resin and fo cause bonding between 
the glassfibers af their various points of contact, 
and stabilizing the mass by the application of a 
uniform compressive force repeatedly over the 
entire mass and at a predetermined and uniform 
lnad which is higher than the maximum load fo 
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be imposed on the glass fiber spring until the 
vertical and substantially vertical fibers are 
broken and af least a portion of said bonds be- 
tween the glass fibers are broken. 
5 3. In a method of manufacturing a glass fiber 
spring: the steps of providing a glass fibrous ma- 
terial wherein each of said fibers are coated with 
a heat-curable resin; said fibers forming a rela- 
tively thick body and in which the major portion 
10 of the fibers are substantially parallel to the saine 
plane and are load-carrying, a portion of said 
fibers being arranged substantially vertically fo 
the direction of the main body of fibers and being 
incapable of carrying the load; compressing the 
15 assembled layers into a mass of predetermined 
density; heating the compressed mass whfle re- 
tained af the predetermined density to cure the 
resin and fo cause bonding between the glass 
fibers at their various points of contact, and sta- 
r0 bflizing the mass by cold working the mass by the 
application of a uniform compressive force over 
the entire mass fo compress the mass to an ex- 
tent af least equal fo that caused by subjection 
of the mass to the maximum load to which said 
-5 mass is to be subjected untfl the vertical and 
substantially vertical fibers are broken and at 
least a portion of said bonds between the glass 
fibers are broken. 
4. A new article of manufacture for use as a 
30 spring: comprising the combination of a plurality 
of superimposed glass fibers forming a mass of 
a predetermined density, each fiber having a 
coating thereon of heat-curable resin, the major 
portion of said fibers being substantially parallel 
35 to the saine plane, a portion of the glass fibers 
being unbonded with the remainder bonded 
gether at their points of contact, a minor portion 
of said fibers being substantially vertical fo the 
direction of the main body of fibers, said fiber 
40 mass having substantially all of said minor por- 
tion of fibers broken whereby the compressive 
defiection of said fiber mass is predetermined and 
uniform for a predetermined load. 
5. A new article of manufacture for use as a 
,: 5 spring: comprising the combination of a plurality 
of glass fibers the major portion of which fibers 
are parallel to the saine plane, a minor portion 
of said fibers being substantially normal fo the 
direction of said major portion of fibers, each 
50 of said fibers having a coating thereon of heat- 
curable resin, said fiber mass comprising an open 
fiibrous mass of a predetermined density and in 
which a portion of the glass fibers are unbonded 
with the remainder bonded together at their 
5 points of contact, and wherein substantially all 
of said minor portion of fibers are broken where- 
by the compressive deflection of said glass fiber 
mass is predetermined and uniform for a pre- 
determined load. 
o JOACHIM G. BUSH. 
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